Background: Yemen faces major challenges in improving the health status of its population as it is entering an epidemiological transition with rising non-communicable diseases e.g. obesity, diabetes and cardiovascular diseases (CVDs). We designed this study to find out the prevalence of Metabolic Syndrome (MS) and its components among Yemeni patients with hypothyroidism.
Methods: 350 patients with past history or newly diagnosed hypothyroidism (diagnosed as having high TSH, and or low FT4 and FT3) (patients group) and 100 healthy euthyroid volunteers as (control group) attending the outpatients medical clinics at Al-Kuwait University hospital in Sana'a city. The patients and control groups underwent complete history and clinical examination including measurement of blood pressure and waist circumference. The laboratory parameters that were analyzed included fasting samples of plasma glucose, triglycerides, and HDL cholesterol The diagnosis of MS was based on the Adult Treatment Panel III criteria as the presence of at least 3 of the following: systolic BP >130 mm Hg and/or diastolic BP >85 mm Hg or on treatment for high BP, waist circumference >102 cm for men and >88 cm for women, fasting glucose >110 mg/dl or on diabetes treatment, triglycerides ?150 mg/dl, and HDL cholesterol <40 mg/dl in men and <50 mg/dl in women.
Results: from 350 hypothyroid patients and 100 euthyroid volunteers included in this study 233 (66.6%) of hypothyroid patients had subclinical and 117 (33.4%) had overt hypothyroidism. MS was significantly higher in hypothyroid (37.4% ), (76.3%) in patients with subclinical and 31 (23.6%) in patients with overt hypothyroidism, than in the euthyroid group (17%). The commonest occurring metabolic syndrome defined criterion in hypothyroid patients was central obesity 89 (67.9%), high blood pressure 88 (67.1%), reduced high density lipoprotein (61%), high serum triglyceride (59.5%) and raised fasting blood glucose (54.9%).
Conclusion: Prevalence of MS is high among Yemeni patients with hypothyroidism and central obesity was the commonest co-morbidity. These findings highlight an urgent need to develop strategies for prevention, detection, and treatment of MS that could contribute to decreasing the prevalence of cardiovascular morbidity and mortality in hypothyroid patients.
Introduction
Worldwide prevalence of Metabolic syndrome (MS) ranges from <10% to as much as 84%, depending on the region, urban or rural environment, composition (sex, age, race, and ethnicity) of the population studied, and the definition of the syndrome used (1,2). In general, the IDF estimates that one-quarter of the world's adult population has the MS (3). Higher socioeconomic status, sedentary lifestyle, and high body mass index (BMI) were significantly associated with MS. Cameron et al. have concluded that the differences in genetic background, diet, levels of physical activity, smoking, family history of diabetes, and education all influence the prevalence of the MS and its components (4). The observed prevalence of the MS in National Health and Nutrition Examination Survey (NHANES) was 5% among the subjects of normal weight, 22% among the overweight, and 60% among the obese (6). It further increases with age (10% in individuals aged 20-29, 20% in individuals aged 40-49, and 45% in individuals aged 60-69) (6). The prevalence of MS (based on NCEP-ATP III criteria, 2001) varied from 8% to 43% in men and from 7% to 56% in women around the world (4). Park et al. (5) noticed that there is an increase in the prevalence of MS from 20 years old through to the sixth and seventh decade of life for males and females, respectively. Ponholzer et al. reported that there is high prevalence of MS among postmenopausal women, which varies from 32.6% to 41.5% (7). A Framingham Heart Study report indicated that a weight increase of >2.25kg over a period of 16 years was associated with an up to 45% increased risk of developing the MS (8), and it has been shown by Palaniappan et al. that each 11cm increase in waist circumference (WC) is associated with an adjusted 80% increased risk of developing the syndrome within 5 years (9). The metabolic alterations occur simultaneously more frequently than would be expected by chance and the concurrence of several factors increases cardiovascular risk over and above the risk associated with the individual factors alone (10).
MS is defined by a constellation of an interconnected physiological, biochemical, clinical, and metabolic factors that directly increases the risk of atherosclerotic cardiovascular disease (ASCVD), type 2 diabetes mellitus (T2DM), and all-cause mortality (11, 12 In recent times there has been an increasing global prevalence of two endocrine disorders, thyroid disorders and type 2 DM, with frequency of thyroid disorders being second to type 2DM. About three percent of the general population has hypothyroidism (20). In community surveys, the prevalence of overt hypothyroidism varies from 0.1 to 2 percent (20-22). The prevalence of subclinical hypothyroidism is higher, ranging from 4 to 10 percent of adults, with possibly a higher frequency in older women (23, 24, 25, 26) . However, there is an age-related shift towards higher thyroid-stimulating hormone (TSH) concentrations in older patients and, therefore, if ageadjusted normal ranges are used, the prevalence may not increase with old age. Hypothyroidism is five to eight times more common in women than men, and more common in women with small body size at birth and during childhood (24, 27) Almost one-third of the world's population lives in areas of iodine deficiency (28) . In areas where the daily iodine intake is <50 ug, goitre is usually endemic, and when the daily intake falls <25 ug, congenital hypothyroidism is seen. The prevalence of goitre in areas of severe iodine deficiency can be as high as 80%. Populations at particular risk tend to be remote and live in mountainous areas in South-East Asia, Latin America and Central Africa. Iodization programs are of proven value in reducing goitre size and in preventing goitre development and cretinism in children. Autonomy can develop in nodular goitres leading occasionally to thyrotoxicosis and iodization programmes can also induce thyrotoxicosis, especially in those aged >40 years with nodular goiters (29). In iodine-replete communities, the prevalence of spontaneous hypothyroidism is between 1 and 2%, and it is more common in older women and 10 times more common in women than in men. (30, 31) .
Hypothyroidism is a well known cause of hypertension, dyslipidemia, endothelial dysfunction and cardiovascular diseases (32,33). Considerable overlap occurs in the pathogenic mechanism of atherosclerotic cardiovascular diseases by metabolic syndrome and hypothyroidism. Insulin resistance has been studied as a basic mechanism in metabolic syndrome (34, 35) . Rule of insulin resistance in development of dyslipidemia in hypothyroidism has been suggested in recent studies (36). Recent data have suggested that there may be some association between serum thyroid function and MS (36). Sub-clinical hypothyroidism (SCH) and overt hypothyroidism(OH) are established risk factors for insulin resistance, hyperlipidemia, hypercoagulability and low grade inflammation (37, 38) . Several studies have proved the association between insulin resistance and hypothyroidism for overt hypothyroidism, but there is controversy as to whether this association is also present in sub clinical hypothyroidism. In a recent study it was found that insulin resistance was comparable in both SCH and OH (39, 40) . It is known that overt hypothyroidism leads to an increase in plasma cholesterol levels (39, 41) . Most studies in sub clinical hypothyroidism show comparable but less pronounced associations (42, 43). The prevalence of thyroid disease in patients with diabetes is significantly higher than that in the general population (44). This indicates a possible interplay between thyroid status and insulin sensitivity.
Insulin resistance leads to an increased production of hepatic cholesterol and very low density lipoproteins (VLDL) (45) and an increased HDL cholesterol (HDL-C) clearance (46). Insulin resistance augments the deleterious effect of hypothyroidism on the lipid profile as suggested by Bakker et al (46) . Complex interplay between thyroid function and insulin resistance has been implicated in diabetic dyslipidemia (47).
Methods
This case control study was conducted in the outpatient department of AL-Kuwait University Hospital Medical Department (Sana'a University ,Yemen) in the period between 21st September 2014 to 11 January 2016. 312 patients with hypothyroidism (both subclinical and overt ) (case group ) and 100 healthy volunteers with normal thyroid function test (control group) were included. The hypothyroid patients who were selected in this study are those who are newly diagnosed by laboratory tests or who are known to have hypothyroidism on hormonal replacement therapy. A high serum TSH level (range between 4.2 uIU/ml to 10 uIIU/ml) and normal free thyroxine (FT4) level were required for the diagnosis of sub-clinical hypothyroidism (SCH) (44). Patients with high TSH (> 10 uIIU/ml) and low FT4 levels (< 0.93 ng/dl) were classified as having overt hypothyroidism. Patients with normal TSH and FT4 were considered euthyroid. All subjects were interviewed about their age, habits, occupation, and past history of diabetes, hypertension, dyslipidemia and hypothyroidism as well as their drug intake. Subjects underwent a physical examination consisting of the determination of waist circumference and systolic and diastolic blood pressure. Waist circumference was measured with a tape measure mid-way between the lower rib margin and the iliac crest. Blood pressure was recorded with the same mercury manometer in the sitting position after 10 -15 minutes rest. Each subject had two measurements of blood pressure at 5 minutes intervals. Venous blood sampling was performed in the morning after an overnight fast for determination of plasma glucose, triglyceride, and High Density Lipoprotein (HDL) cholesterol. Laboratory techniques for biochemical analysis were glucose oxides for blood glucose, and the enzymatic method for triglyceride and HDL cholesterol.
Exclusion criteria 1-
Serum TSH and FT4 measurements were made using Roche Elecsys modular analytics E 170 using electrochemiluminescence immunoassay (ECLIA method). The analytical sensitivity of TSH was 0.005 uIU/ml and for FT4 was 0.023 ng/dl. Normal range for TSH was (0.27-4.2)uIU/ml and for FT4 was (0.93-1.7) ng/dl.
The research protocol was reviewed and approved by the Ethical Community of the Faculty of Medicine and Health Sciences, Sana'a University. All participants provided informed consent after explaining the study objectives and that the data will be used only for purpose of the research. Health education both verbally and using educational materials was provided to all participants and those who were found to have any medical problem were referred to the specialized clinic for proper management and follow up.
Statistical analysis was undertaken using the Statistical Package for the Social Sciences (Windows version 13.0; SPSS, Chicago IL USA).
Differences between groups were tested statistically using the chi square test for categorical and T test for numerical variables. Data were considered statistically significant when the p-value was < 0.05. The overall prevalence of the MS in the hypothyroid group was 37.4%, while the prevalence of MS in the euthyroid group was 17% (P-value > 0.005). In the hypothyroid group subclinical hypothyroidism was more prevalent than overt hypothyroidism (28.5% vs 8.8 %). Patients with hypothyroidism are more frequently female , centrally obese and have high BP than those with normal thyroid function test ( 79.7%, 39.1%, 34.2% vs 62%, 11%, 27% respectively ) also the prevalence of high FBS ,TG, and low HDL was significantly higher in the hypothyroid group than in the euthyroid group (23.1%, 28.2%, 30.5% vs 8%, 12%, 13% respectively ) ( P-value > 0.005 ).
The physical and metabolic characteristics of the hypothyroid patients with and without MS are shown in Table 2 .
Table 2. The physical and metabolic characteristics of the study population by Metabolic Syndrome
The prevalence of MS was statistically significantly higher in female patients with hypothyroidism and MS than in those without MS. Also central obesity was higher in patients with hypothyroidism and MS than in those without MS (P-value =0.005). BP was higher in patients with hypothyroidism and MS than in those without MS.
Regarding laboratory parameters patients with hypothyroidism and MS had higher prevalence of FBS, serum TG and serum HDL than those without MS (P-value < 0.05). The highest prevalent comorbidity in hypothyroid patients with MS was central obesity (67.9%) followed by high BP (67.1%), low serum HDL (61.8%), high TG (57.2%) and raised fasting blood glucose (45.8%). The prevalence of MS in the hypothyroid group was 37.4% which is significantly higher than in the euthyroid group 17% ( P-value =0.005 ), also the prevalence of different MS comorbidities was higher in the hypothyroid than in the euthyroid group (Table 1) (58, 59,62).
The overall prevalence of the MS among hypothyroid patients in the present study was found to be 37.4% while the prevalence of MS in patients with subclinical hypothyroidism was 28.5% which is comparable to that found among hypothyroid patients in Nigeria (40%) in all hypothyroid and 35% in patients with subclinical hypothyroidism (59) and Bulgaria (34.9%) (60), and in Turkey (44%) in hypothyroid group and 35% in subclinical hypothyroid group (61), but still lower than what was found in Dhaka hypothyroid patients (82.5%) (62).
The prevalence of different MS comorbid conditions ( central obesity, Hypertension , FBS, high serum TG and low HDL) was statistically significantly higher in hypothyroid patients with MS than in hypothyroid patients without MS. These findings are in concurrence with other studies which reported that both overt and subclinical hypothyroidism well effect each component of MS including blood pressure and metabolism of carbohydrate and lipids (54, 55,62).
Of the components of MS, central obesity was the prevalent MS defining criteria followed by high BP, low serum HDL, high serum TG and high FBS (56,57 ). Thyroid hormones play essential roles in regulating energy balance, metabolism of glucose and lipids and thus effects metabolic syndrome parameters including HDL-C, triglycerides, blood pressure and plasma glucose (63). Hypothyroidism is associated with obesity, dyslipidemia and increased risk of atherogenic cardiovascular diseases (64).
Obesity, a key component of metabolic syndrome, occurs due to increased energy intake, decreased energy expenditure, or a combination of both, thus leading to a positive energy balance. Thyroid hormones up-regulate metabolic pathways relevant to resting energy expenditure, hence, obesity and thyroid functions are often correlated. On one hand, obesity per se causes alterations in thyroid hormones, i.e., increased thyroid hormone levels,( 65), increased thyroid stimulating hormone (TSH) with no effect on T 3 and T 4 , (66) or increased TSH and T 3 with no effect on T 4, (67) while on the other hand, subclinical hypothyroidism as a result of slow metabolism can also lead to obesity,(68, 69). The mechanism of normal levels of T 3, T 4 with increased TSH in metabolic syndrome is not defined, but it has been hypothesized that metabolic syndrome is associated with insulin resistance due to the defect in post-receptor signal transduction in target tissue; a similar mechanism of thyroid receptor resistance might be operating in these obese persons.
In a study done by Kumar et al., T 3 showed positive correlation with triglycerides, low density lipoprotein cholesterol (LDL-C), total cholesterol, insulin, HOMA-IR (insulin resistance) and negative correlation with body fat. TSH correlated positively with BMI, insulin, HOMA-IR, LDL-C and negatively with high density lipoprotein cholesterol (HDL-C) (P < 0.05). Free triiodothyronine (FT 3) correlated positively with waist circumference and T 4 did not show correlation with metabolic syndrome parameters(69). In a large Chinese case control study, all components of the metabolic syndrome were associated with systematically higher TSH levels (Lai et al.) (70) . In a study done by Chugh et al.,(2012) evaluating the thyroid function tests in individuals with metabolic syndrome to explore the possibility of thyroid receptor resistance, a significant increase was found in TSH levels in patients as compared to controls, while T 3 and T 4 levels were comparable in patients and controls concluding that raised TSH in patients with metabolic syndrome independent of lowered T 3 and T 4 suggests it to be a part and parcel of this syndrome (71) . Another study done by Meher et al., (2013) found that body mass index, waist circumference, mean systolic pressure, diastolic pressure, fasting blood sugar, total cholesterol, LDL-C, triglycerides, and TSH were significantly higher, and FT3, free thyroxine (FT4) and HDL-C were significantly lower in the metabolic syndrome patients compared to the control group concluding that there is a significant association between subclinical hypothyroidism and metabolic syndrome, and it highlights the importance of thyroid function tests in patients with metabolic syndrome. (64, 72) . It is still not clear whether alterations in thyroid hormones are a cause or an effect of obesity (metabolic syndrome) suggesting need for further evaluation on a large scale with inclusion of various hormones elaborated by adipose tissue (like leptin, resistin, adiponectin, etc.).
Conclusion
We conclude that metabolic syndrome was common in hypothyroid patients which could be explained by the metabolic syndrome per se or be due to different metabolic co-morbidities that are associated with it. 
